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The radial profiles of ion temperature are 
measured with the television charge-exchange 
spectroscopy for the plasma produced with neutral 
beam (NB) heating in CHS. The measurement is 
restricted within the intersection region of the fast 
neutral beam and line of sight. A spectral line is 
also produced by electron excitation and charge-
exchange recombination of background thermal 
neutrals in the plasma periphery. This background 
radiation from the cold plasma edge is called a cold 
component and is of significant contribution to the 
radiation from CXS reactions. Two sets of optical 
fiber arrays viewing on and off the neutral beam 
line have been installed to eliminate cold 
component contamination assuming toroidal or 
helical symmetry. [1,2] 
However, these symmetries are not always 
satisfied, depending on the condition of vessel. 
Another approach to subtract the cold component 
problem is to chop the neutral beam, which does 
not require assumption of symmetry. We will 
install a diagnostic beam with beam energy of 50 
keV, beam power of 100 kW, beam divergence of 
0.6 degree, beam modulation frequency of up to 1 
kHz. 
Figure 1 shows schematic of charge exchange 
spectroscopy using diagnostic beam with power 
modulation. Timing system, which has been 
developed for LHD trigger system, is applied to 
our system. The synchronized modulation pulses 
are sent to both DNB and CCD controller with 
optical link. The timing system is controlled by 
computer through CAMAC and 32 bit counter 
supplies simple and modulation pulses over 1 hour 
period with< 1 JlS accuracy. The 48-channel 
132Jlm diameter optical fibers (106 Jlm core) are 
led into the entrance slit of a 0.5 m Czemy-Turner 
spectrograph with the space of 132 Jlm. The 
optical arrangement is similar to TV CXS, but the 
cooled CCD (57 6 vertical x 384 horizontal, 22Jl x 
22Jl pixel) is used for the two dimensional detector 
instead of ICCD camera. The time resolution 
(frame scan rate) of cooled CCD is 50Hz or slower 
240 
depending on the size of image and size of 
binning, and much lower than the modulation 
frequency. In order to resolve modulation signal, 
special CCD has been developed. Synchronized 
with the beam modulation pulse, charge of each 
CCD pixel can be shifted up and down (DigDag) 
by 6 pixels (132 Jlm) within 18 Jls/pixel until the 
end of integration period, then all pixels will be 
read (readout time is typically 20 - 50 ms). The 
DigDag CCD will give the image of 96 spectra; 48 
spectra are CXS signal ( DNB on) and other 48 
spectra are background cold component signal 
(DNB off). The ion temperature and 
toroidal/poloidal rotation velocity profiles are 
derived more precisely by subtracting the 
background without assuming helical symmetry of 
background radiation .. 
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Fig.1.Schematic of charge exchange spectroscopy 
using modulated diagnostic beam and 
DigDagCCD. 
